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Appendix 1
A revised species richness model for vascular plants across Tasmania
We applied an additional refinement to the sites used in the model of compositional dissimilarity, in
the form of sampling the sites used in the richness model based on the number of species recorded
in each site, and the number of species we might expect to record in that site. For each of the 15,188
candidate sites containing more than ten species records, we determined the minimum and
maximum number of species we would expect, where the maximum (Smax) is the average maximum
number of species recorded in the surrounding 20 km radius, and the minimum (Smin) is 25 % of Smax,
with all Smin ≥ 10. We used these estimates to parameterise a function that estimates the probability
that the recorded species richness of a site (Si) has been undersampled (adapted from Mokany et al.
2012):
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where a = 2, b = 6.63, c = 0.5, and the relative species richness (Srel) calculated as:
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Figure A1.1 The function applied to estimate the probability that a site has been undersampled in
terms of the species richness.

We applied this function to randomly sub-sample the data, and derived the model of species
richness based on multiple random subsets of the richness data using generalized additive
modelling, in the mgcv R package. We applied an interactive backward variable selection process,
with 20 random subsets of data applied in each step of the backward selection process. Variables
were gradually omitted based on variable significance, and variable contribution to deviance
reduction. The final model contained 6 variables, which were all significant. The final model
explained 17.6% of the deviance in species richness (Table A; Figs. B).

Table A1.1 Variable contribution to the Generalised Additive Model of plant species richness in
Tasmania.
Variable
Maximum maximum temperature
Minimum minimum temperature
Minimum 12 month precipitation
Soil carbon content (0-5 cm)
Soil clay content (0-5 cm)
Soil pH (0-5 cm)

All variable model
% deviance lost
0.5*
0.7**
1.7**
1.8***
1.8**
0.4*

Single variable model
% deviance explained
4.4***
0.8*
10.4***
7.8***
6.3***
7.6***

Species richness

* P < 0.1, ** P < 0.01, *** P < 0.001

Minimum minimum temperature (oC)

Minimum 12 month precipitation (mm)

Species richness

Maximum maximum temperature (oC)

Soil carbon content 0-5 cm (%)

Soil clay content 0-5 cm (%)

Soil pH 0-5 cm

Figure A1.2 Species richness model response functions. Plant species richness as a function of each
of the six explanatory variables included in the model. The line in each panel shows the fitted
relationship in the model where values for all other variables are set to their average, while
observed data for a subsample of 175 grid cells are shown by the grey circles.

Figure A1.3 Observed versus model predicted species richness for a subsample of 175 grid cells
(grey circles). The 1:1 line is shown in back.

Figure A1.4. Spatial projection of the model of plant species richness across Tasmania, under
current climate conditions. Values are number of species per 9 second (~250 m) grid cell.

Table A2. Parameters implemented in the application of the revised M-SET model, as applied to
Tasmanian plants.
Parameter
µ

Description
Central niche position (mean)

σ

Niche width (standard deviation)

Pplow
λ
K
rmax
RR
σP

Lower limit to probability of persistence
median dispersal distance
Dispersal kernel scaling factor
Maximum dispersal distance per year
Species replacement ratio
Phenotypic variance of the environmental
tolerance threshold
heritability of the environmental tolerance
threshold

h2

Values applied
Estimated separately for each
environmental gradient, for each species
Estimated separately for each
environmental gradient, for each species
0.05 (all species)
250 m (all species)
4500 (all species)
5000 m (all species)
3 (all species)
0, 0.5, or 1.0 (all species)
0, 0.1 or 0.3 (all species)

Appendix 2

Figure A2.1. Sensitivity of the predicted number of species persisting to 2100 (A, B) and the
predicted area of occurrence of all persisting species in 2100 (C, D) to variation in the scaling
parameter K of the applied dispersal kernel, for both the CanESM2 (A, C) and GFDL-ESM2M (B, D)
GCMs. All other parameters applied were as for the ‘high adaptation’ scenario, where the dispersal
kernel scaling factor was K = 4500. Larger values of K are associated with greater probabilities of
successful dispersal. The median values are shown within the plot for each parameter setting,
including raw values for species area of occurrence (in km2) noting the plotted data are log10
transformed for ease of interpretation.

Figure A2.2. Sensitivity of the predicted mean shift in species maximum temperature niche (across
their entire range) for species persisting to 2100 (A, B) and the predicted maximum shift in species
maximum temperature niche (anywhere within their range) for species persisting to 2100 (C, D) to
variation in the scaling parameter K of the applied dispersal kernel, for both the CanESM2 (A, C) and
GFDL-ESM2M (B, D) GCMs. All other parameters applied were as for the ‘high adaptation’ scenario,
where the dispersal kernel scaling factor was K = 4500. Larger values of K are associated with
greater probabilities of successful dispersal. The median values are shown within the plot for each
parameter setting.

Figure A2.3. Sensitivity of the predicted number of species persisting to 2100 (A, B) and the
predicted area of occurrence of all persisting species in 2100 (C, D) to variation in the species
replacement ratio parameter RR, for both the CanESM2 (A, C) and GFDL-ESM2M (B, D) GCMs. All
other parameters applied were as for the ‘high adaptation’ scenario, where the replacement ratio
was RR = 3. Larger values of RR are associated with greater competitive advantage for resident
species. The median values are shown within the plot for each parameter setting, including raw
values for species area of occurrence (in km2) noting the plotted data are log10 transformed for ease
of interpretation.

Figure A2.4. Sensitivity of the predicted mean shift in species maximum temperature niche (across
their entire range) for species persisting to 2100 (A, B) and the predicted maximum shift in species
maximum temperature niche (anywhere within their range) for species persisting to 2100 (C, D) to
variation in the species replacement ratio parameter RR, for both the CanESM2 (A, C) and GFDLESM2M (B, D) GCMs. All other parameters applied were as for the ‘high adaptation’ scenario, where
the replacement ratio was RR = 3. Larger values of RR are associated with greater competitive
advantage for resident species. The median values are shown within the plot for each parameter
setting.

Figure A2.5. Sensitivity of the predicted number of species persisting to 2100 (A, B) and the
predicted area of occurrence of all persisting species in 2100 (C, D) to different levels of interspecific
variation in genetic adaptive capacity to maximum temperature, for both the CanESM2 (A, C) and
GFDL-ESM2M (B, D) GCMs. All other parameters applied were as for the ‘high adaptation’ scenario,
where there was no interspecific variability in adaptive capacity in species thermal tolerance, with
heritability (h2) and phenotypic variance (σP) identical for all species (h2 = 0.3; σP = 1). Three levels of
interspecific variation in h2 and σP were applied by randomly generating values for h2 and σP around
the same mean values, including low (SD h2 = 0.02; SD σP = 0.1), medium (SD h2 = 0.05; SD σP = 0.2)
and high (SD h2 = 0.1; SD σP = 0.4) interspecific variability. The median values are shown within the
plot for each parameter setting, including raw values for species area of occurrence (in km2) noting
the plotted data are log10 transformed for ease of interpretation.

Figure A2.6. Sensitivity of the predicted mean shift in species maximum temperature niche (across
their entire range) for species persisting to 2100 (A, B) and the predicted maximum shift in species
maximum temperature niche (anywhere within their range) for species persisting to 2100 (C, D) to
different levels of interspecific variation in genetic adaptive capacity to maximum temperature, for
both the CanESM2 (A, C) and GFDL-ESM2M (B, D) GCMs. All other parameters applied were as for
the ‘high adaptation’ scenario, where there was no interspecific variability in adaptive capacity in
species thermal tolerance, with heritability (h2) and phenotypic variance (σP) identical for all species
(h2 = 0.3; σP = 1). Three levels of interspecific variation in h2 and σP were applied by randomly
generating values for h2 and σP around the same mean values, including low (SD h2 = 0.02; SD σP =
0.1), medium (SD h2 = 0.05; SD σP = 0.2) and high (SD h2 = 0.1; SD σP = 0.4) interspecific variability.
The median values are shown within the plot for each parameter setting.
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Figure A3. Projected change in the number of extant plant species in Tasmania under two
alternative climate scenarios; (A) the ‘hot’ scenario applying the CanESM2 GCM under
RCP8.5 (as in Fig. 3A), and; (B) the ‘warm’ scenario applying the GFDL-ESM2M GCM under
RCP8.5. For each climate scenario, the projected outcomes are shown for four alternative
niche scenarios: realized, potential, potential with low levels of adaptation, and potential
with high levels of adaptation (the later three are overlapping). The bold line shows the
average across all 20 replicate simulations, while the thin lines show the upper and lower
extremes of the projections.
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Figure A4. Projected net flux of plant species (change in species richness) for plant communities across Tasmania to 2100 under the ‘hot’
CanESM2 climate scenario (A-D) and the ‘warm’ GFDL-ESM2M climate scenario (E-H). Projections are shown for four alternative niche
scenarios: realized (A and E), potential (B and F), potential with low levels of adaptation (C and G), and potential with high levels of adaptation
(D and H). Boxplots showing the distribution of the spatial data in each panel are shown against the colour scales.
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Figure A5. Projected compositional turnover (Sørensen’s dissimilarity) for plant communities across Tasmania to 2100 under the ‘hot’
CanESM2 climate scenario (A-D) and the ‘warm’ GFDL-ESM2M climate scenario (E-H). Projections are shown for four alternative niche
scenarios: realized (A and E), fundamental (B and F), fundamental with low levels of adaptation (C and G), and fundamental with high levels of
adaptation (D and H). Boxplots showing the distribution of the spatial data in each panel are shown against the colour scales.

